ABSTRACT
INTRODUCTION
The genus Tagetes (Family: Asteraceae) includes about 50 species of erect, bushy, strongly aromatic annuals and herbaceous perennials. Several Tagetes species are found in hot, dry slopes and in valley bottoms in different parts of north and south America; one species occurs in Africa. The many hybrids and cultivars are derived mainly from T. erecta, T. patula and T. tenuifolia. Four main hybrid groups are in cultivation: African marigolds, French marigolds, Afro-French marigolds, and Signet marigolds. African marigolds are compact annuals, derived from T. erecta, with angular, hairless stems and pinnate, sparsely glandular leaves, 5-10 cm long, each with 11-17 narrowly lance-shaped, pointed, sharply toothed leaflets of up to 5 cm in length. Large, densely double, pompon-like, terminal flower heads, usually to 12 cm across, each with 5-8 or more ray-florets and numerous orange to yellow disc-florets, are produced from late spring to autumn (Brickell, 1996) .
Fertilization is among the most important cultural practices influencing the growth and productivity of herbaceous flowering plants (including Tagetes erecta). Also, an increase in the oil yield of Tagetes minuta has obtained as a result of fertilization treatments (Ram et al., 1999) . However, the use of chemical fertilizers has been discouraged for many years, due to their undesirable impact on the environment. Chemical fertilization may contribute to aquifer pollution, and to the accumulation of chemical residues in plant tissues that are consumed by humans. Other types of fertilizers, including bio-fertilizers and organic manures, have been suggested as safer alternatives to conventional chemical fertilization. Several researchers have investigated the effect of organic manures on the growth and productivity of ornamental and medicinal plants (Mohamed, 2003) on Catharanthus roseus, Sakr (2005) on Cassia acutifolia, and many others]. Also, the use of biofertilizers, with or withour chemical or organic fertilizers, has been studied by many workers (Abdou and El-Sayed, 2002) on Carum carvi, and Hafez (2003) on Borago officinalis]. Results of such research work have shown that using organic manures has many advantages, including the production of safe horticultural crops, as well as improving a number of soil characteristics (water holding capacity, resistance to compaction, and cation exchange capacity). This makes it possible to use organic manures for improving the quality of poor sandy soil in desert and coastal areas where extensive landscape activities take place. Furthermore, the substitution of chemical fertilization, at least partly, with organic manures or biofertilizers may result in a reduction of production costs.
This study was conducted with the aim of investigating the effect of chemical, organic and bio-ferilization treatments on the growth, chemical composition and oil production of African marigold (Tagetes erecta L.) plants.
MATERIALS AND METHODS
This study was carried out at the Experimental Nursery of the Ornamental Horticulture Department, Faculty of Agriculture, Cairo University, Giza, during the two successive season of 2000 and 2001, with the aim of investigating the effect of chemical, organic and bio-ferilization treatments on the growth, chemical composition and oil production of Tagetes erecta L. plants.
Seeds of Tagetes erecta L. were obtained from the Nursery of the Ornamental Horticulture Department. On April 1 st , 2000 and 2001, the seeds were sown in well-prepared seed beds with a loamy clay soil and peatmoss. On 15 th May 2000 and 2001, the seedlings, with a height of 5-7 cm, were transplanted into 25-cm clay pots filled with a sandy soil. The physical and chemical characteristics of the sandy potting soil are shown in Table ( A). In addition to the control, the different chemical, organic and bio-fertilization treatments included: (1) Nitrogenous fertilization at the rates of 6 or 12 g ammonium sulphate /pot, (2) Bio-fertilization, (3) Biofertilization + N fertilization at 3 or 6 g ammonium sulphate /pot, (4) Cattle /pot (equivalent supplied with chemical phosphorus and potassium (PK) fertilization. Phosphorus fertilization was added to in the form of calcium superphosphate (15.5 % P 2 O 5 ), which was mixed into the soil two weeks before planting the seedlings, at the rate of 6 gm/pot. On the other hand, potassium fertilization was added in the form of potassium sulphate (48 % K 2 O) at the rate of 3 g /pot, divided into two equal doses, which were applied after 2 and 4 weeks from planting. Plants receiving N fertilization were supplied with the above-mentioned rates of ammonium sulphate (20.5% N), divided into 3 equal doses applied at 3-week intervals, starting two weeks after transplanting. Plants receiving biofertilization were supplied with a composite inoculum (containing Azospirillum brasilense, Klebsiella pneumonia and Pseudomonas putida) in the form of a liquid culture, which was applied at the time of planting at the rate of 10 ml/pot. An additional dose of 10 ml/pot of the liquid culture was applied one month after planting (on 15 th June 2000 and 2001). The bacterial count of the composite inoculum (as described by Hegazi et al., 1998) is shown by the data in Table (B) . In plants receiving cattle manure (CM) treatments, the tested rates (40 or 20 m 3 /feddan) were added to the soil 15 days before planting. The physical and chemical characteristics of the cattle manure used in this experiment are shown in Table (C) . Control plants received PK fertilization only. The layout of the experiment was a randomized complete blocks design, with 8 treatments (including the control) and 3 blocks (replicates), each consisting of 5 pots /treatment.
At the termination of each season (on 1 st October, 2000 and 2001) , data were recorded on plant vegetative growth characterisctics, including plant height (cm), stem diameter (cm) at a height of 5 cm from the soil surface, number of branches /plant, area (cm 2 ) of the 4 th leaf from the top of the plant (using a Licor portable area meter, model LI 3000), as well as the fresh and dry weights of leaves, stems and roots /plant. Also, data were recorded on the flowering characteristics, including number of flowers /plant, as well as the fresh and dry weights of flowers /plant. The data recorded on vegetative growth and flowering were statistically analyzed. An analysis of variance (ANOVA) was carried out, and the means were compared using the "Least Significant Difference (LSD)" test at the 0.05 level, as described by Steel and Torrie (1980) . Chemical analysis of fresh leaf samples was also conducted to determine their contents of pigments [chlorophyll "a", chlorophyll "b", total chlorophylls (a+b), carotenoids], using the method described by Saric et al. (1967) , while the xanthophyll content was determined using the method outlined by the A. O.A.C. (2000) In addition, samples of leaves, stems, roots and flowers were oven-dried at a temperature of 70°C for 24 hours, and their content of total carbohydrates was determined using the method outlined by Dubois et al. (1956) . Also, the nutrients were extracted from dried tissue samples (of leaves, stems, roots and flowers) using the method described by Piper (1947) , then the nutrient extracts were chemically analyzed to determine their contents of nitrogen (using a modified Micro-Kjeldahl apparatus, as described by Pregl, 1945) , phosphorus (using the method described by Jackson (1967) , and potassium [using an atomic absorption, flame-photometer (Philips, model PU 9100X), as recommended by Chapman and Pratt (1961) ]. At the termination of the second season, the oil (%) in fresh flower and leaf samples was also determined (using the method outlined in the British Pharmacopoeia, 1963) , and the oil yields from flowers and leaves /plant were calculated in proportion to the fresh weight of flowers and leaves. The main components of oil samples from flowers and leaves were then determined by gas liquid chromatographic (GLC) analysis in a GCV Pye Unicam gas-liquid chromatograph equipped with a flame ionizing detector, using the methods described by Bunzen et al. (1969) .
RESULTS AND DISCUSSION

I. Vegetative growth 1. Plant height
The results recorded in (Table 1) show that there was a general increase in the height of plants receiving the different fertilization treatments, compared to the control. However, the effect of most treatments was insignificant in the first season, with only two treatments (½ N 1 + biofertilization, and cattle manure) giving significantly taller plants than the control plants. In the second season, the favourable effect of the fertilization treatments was more pronounced, with all the treatments that included bioor organic (cattle manure) fertilization causing significant increases in plant height, compared to the control. On the other hand, using chemical fertilization alone (i.e., N 1 or N 2 ) did not significantly increase plant height (in both seasons).
The general increase in plant height as a result of the different fertilization treatments is in agreement with the findings of Dahiya et al. (1998) on African marigold (Tagetes erecta), and Jacoub (1999) on sweet basil (Ocimum basilicum). This increase in plant height may be a result of both the greater number of cells formed and an increased elongation of the individual cells, Marschner (1999) .
The data in Table ( 1) also show that with chemical N fertilization, substituting half of the used rates with bio-fertilization had some beneficial effect on plant height, i.e., plants receiving the two N fertilization rates were shorter than those receiving half of the used rates, in combination with biofertilization. However, this effect was statistically insignificant in most cases. The generally favourable effect of combining chemical N fertilization with bio-fertilization is in agreement with results reported by Chandrikapure et al. (1999) and Gupta et al. (1999) on Tagetes erecta. With organic fertilization, replacing half of the cattle manure rate with the application of bio-fertilization caused a reduction in plant height (which was significant in both seasons).
Among the different fertilization treatments, the most effective one for increasing plant height was supplying the plants with cattle manure, which gave the tallest plants in both seasons, followed by plants supplied with ½ N 1 + bio-fertilization.
Stem diameter
The data presented in Table 1 show that in most cases, plants receiving the different fertilization treatments had thicker stems than those of control plants. The only exception to this general trend was recorded in the first season, with plants fertilized using bio-fertilization having insignificantly thinner stems than the control plants. The general increase in Chandrikapure et al. (1999) on marigold. Also, the recorded data show that, although chemical N fertilization gave higher values when applied at the high rate (N 2 ) than at the low rate (N 1 ), the difference between the stem diameters recorded with the two rates were insignificant. It is also clear from the data in Table 1 that, in most cases, combining bio-fertilization with chemical or organic fertilization gave significantly thicker stems than those obtained when bio-fertilization was used alone. A similar conclusion was reached by Chandrikapure et al. (1999) on marigold. Moreover, when half of the chemical N fertilization rates were replaced by biofertilization, the stem diameters were either significantly higher (in the first season) or insignificantly different (in the second season) than those obtained from plants receiving N fertilization only. Also, substituting half the rate of cattle manure with bio-fertlization (i.e., fertilization with ½ CM + biofertilization) gave stem diameters that were insignificantly different than those obtained in plants supplied with CM (at the full rate) without bio-fertilization. This clearly indicates that combining bio-fertilization with half the rates of chemical N fertilization or cattle manure was more economical than using the full rates of the two types of fertilizers. The results presented in Table ( 1) also show that in both seasons, plants fertilized with ½ CM + bio-fertilization gave the highest stem diameters, followed by plants fertilized using CM. On the other hand, the least effective treatment was using bio-fertilization alone, which had no significant effect on stem diameter, compared to that of control plants.
Number of branches/plant
The results recorded in the two seasons ( Among the different fertilization treatments, fertilization using cattle manure gave the highest number of branches/plant (in both seasons). The beneficial effect of organic fertilization on branching is in agreement with the findings of Yadav and Singh (1997) on Tagetes erecta. In contrast, using biofertilization without chemical N fertilization or organic manure was the least effective treatment for increasing the number of branches, as it gave insignificantly higher values than the control (in both seasons). In most cases, combining bio-fertilization with the application of chemical N fertilization or cattle manure caused significant increases in the number of branches/plant, compared to values obtained with bio-fertilization alone. The favourable effect of combining bio-fertilization with chemical N fertilization is in agreement with the findings of Chandrikapure et al. (1999) on marigold.
It is also clear that, in most cases, substituting half of the chemical N fertilization rates with bio-fertilization (i.e. supplying the plants with ½ N 1 + bio-fertilization instead of N 1 , or N 1 + bio-fertilization instead of N 2 ) had no significant effect on the number of branches/plant, compared to that formed by plants receiving the full rates of chemical N fertilization. Also, in the first season, plants fertilized with half of the cattle manure rate combined with biofertilization (i.e., ½ CM + bio-fertilization), had an insignificantly lower number of branches, compared to plants supplied with cattle manure without bio-fertilization. However, a significant decrease in the number of branches was recorded in the second season when half of the cattle manure rate was replaced by bio-fertilization.
Leaf area
The results recorded in the two seasons (Table 1) show that in general, leaf area was increased by supplying the plants with the different fertilization treatments, compared to the control. This promotion of leaf size as a result of fertilization treatments was more pronounced in the second season, with only one treatment (viz., CM) causing an insignificant increase in leaf area, whereas all other treatments increased it significantly, compared to the control. Among the different treatments, fertilization using a mixture of organic manure and bio-fertilization (i.e., fertilization with ½ CM + bio-fertilization) gave the highest values in both seasons, followed by fertilization using N 1 . On the other hand, the least effective treatment in increasing leaf size in the first season was ½ N 1 + bio-fertilization, whereas in the second season the least effective treatment was CM.
The data in Table ( 1) also show that when chemical N fertilization was used without bio-fertilization, the low N rate (N 1 ) was more effective than the high rate (N 2 ). However, when half of the N rates were substituted by biofertilization, the high N rate was more effective than the low rate (i.e., N 1 + bio-fertilization gave larger leaves than ½N 1 + biofertilization). Combining cattle manure (at half the full rate) with bio-fertilization also gave significantly larger leaves than using cattle manure (at the full rate) with no bio-fertilization.
Fresh and dry weights of leaves/plant
The results presented in Table 2 show that in both seasons, the fresh and dry weights of leaves/plant were significantly increased by the different fertilization treatments. It is also clear from the data in Table 2 that, in general, chemical N fertilization (with or without bio-fertilization) gave lower values than those obtained from plants fertilized using cattle manure (with or without bio-fertilization). In fact, plants supplied with cattle manure (CM) gave the highest values in both seasons, followed by plants fertilized using ½ CM + biofertilization. In both seasons, no significant difference was detected between the dry weights of leaves formed on plants receiving these two treatments. On the other hand, the least effective treatment for increasing the fresh and dry weights of leaves was the application of bio-fertilization without chemical N fertilization or cattle manure. The data in Table 2 , also show that when chemical N fertilization was used without bio-fertilization, the low N rate (N 1 ) gave generally higher values than the high rate (N 2 ). However, when chemical N fertilization was combined with bio-fertilization, an opposite trend was recorded, i.e., N 1 + bio-fertilization gave higher values than ½ N 1 + biofertilization. With organic fertilization, using cattle manure without biofertilization gave significantly heavier fresh leaves than those obtained when half of the cattle manure rate was replaced by bio-fertilization, whereas the difference in leaves dry weights was insignificant (in both seasons).
Fresh and dry weights of stems /plant
The data presented in Table 2 show that most of the fertilization treatments significantly increased the fresh and dry weights of stems/plant in both seasons, compared to the control plants. In both seasons, organic fertilization (with or without bio-fertilization) was generally more effective for increasing the stems fresh and dry weights, compared to using chemical N fertilization. In fact, fertilization using cattle manure (CM) gave the highest fresh and dry weights of stems (in both seasons), followed by ½ CM + biofertilization. On the other hand, the least effective treatment was fertilization using bio-fertilization without any chemical N or organic manure, which gave insignificantly higher values than those obtained from control plants. Also, fertilization with N 1 caused only a slight (insignificant) increase in the dry weight of stems, compared to the control (in both seasons). Moreover, supplying the plants with N 1 + bio-fertilization had no significant effect on the dry weight of stems in the first season, while N 2 had no significant effect in the second season. The data in Table 2 , also show that in most cases, replacing half of the chemical N fertilization rates with bio-fertilization significantly increased the fresh weight of stems, especially in the second season, compared to using the whole rates of N (without bio-fertilization). On the other hand, the stems dry weight was not significantly affected by replacing half of the chemical N rates with bio-fertilization (in both seasons). With organic fertilization, substituting half of the cattle manure rate with bio-fertilization caused a reduction in the fresh and dry weights of stems.
Fresh and dry weights of roots /plant
The data presented in Table 2 show that the fresh and dry weights of roots were not significantly affected by the application of bio-fertilization (without chemical N fertilization or cattle manure), compared to the control plants. On the other hand, most of the other fertilization treatments significantly increased the roots fresh, compared to the control (in both seasons). The roots dry weight was also generally increased by the different fertilization treatment, compared to the control, but the increase was insignificant in many cases. It is also clear from the data in Table 2 that organic fertilization using cattle manure (especially when applied at the full rate without bio-fertilization) was generally more effective than chemical N fertilization. In both seasons, fertilization with cattle manure gave significantly higher roots fresh and dry weights than those obtained from control plants. Moreover, this treatment appeared to be the most effective treatment, as it gave the highest roots fresh weight in the second season, as well as the highest roots dry weight in both seasons. The results recorded in the two seasons also showed that in most cases, substituting half the rates of chemical N fertilization or cattle manure with bio-fertilization did not cause significant changes in the fresh or dry weights of roots, compared to those obtained when the full fertilization rates were used without bio-fertilization. The above results are in agreement with the findings of Mohamed (2003) on periwinkle, and Sakr (2005) on Cassia acutifolia plants.
II. Flowering 1. Number of flowers /plant
The results recorded in the two seasons (Table 3) show that the number of flowers /plants was significantly increased by the different fertilization treatments. Similar increases in flower production by Tagetes erecta plants as a result of fertilization treatments have been reported by Arulmozhiyan and Pappaiah (1989) . Among the plants receiving chemical N fertilization, those that were supplied with ½ N 1 + bio-fertilization gave the highest number of flowers in both seasons. The beneficial effect of combining bio-fertilization with chemical N fertilization on flower production is in agreement with the findings of Chandrikapure et al. (1999) on marigold. The data presented in Table 2 , also show that supplying Tagetes erecta plants with cattle manure (CM), with or without bio-fertilization, was generally more effective than chemical N fertilization (with or without bio-fertilization) for increasing the production of flowers. In both seasons, the highest values were obtained from plants fertilized with ½ CM + bio-fertilization, followed by plants fertilized using CM. 
2.Fresh and dry weights of flowers/plant
The results recorded in the two seasons (Table 3) show that in both seasons, the fresh and dry weights of flowers were increased by the different fertilization treatments. However, the favourable effect of fertilization was more pronounced on the flowers fresh weight than on their dry weight. In both seasons, most of the fertilization treatments caused significant increases in the fresh weight of flowers, compared to the control. On the other hand, the effect of the fertilization treatments on the flowers dry weight was insignificant in many cases, especially with treatments that did not include organic fertilization (using cattle manure). In general, the addition of cattle manure (with or without biofertilization) was more effective for increasing the fresh and dry weights of flowers, compared to the application of chemical N fertilization. In the first season, the highest fresh and dry weights of flowers/plant were obtained from plants fertilized using a mixture of cattle manure and bio-fertilization (i.e., ½ CM + bio-fertilization). In the second season the highest flowers fresh weight was obtained from plants fertilized using cattle manure without bio-fertilization, while the highest flowers dry weight was obtained from plants fertilized using ½ N 1 + bio-fertilization, followed by plants fertilized using CM.
III. Chemical composition 1. Leaf pigments content a. Chlorophyll (a, b and total chlorophylls) content
Results of chemical analysis of fresh leaf samples ( Table 4 ) have shown that the contents of chlorophyll "a", chlorophyll "b" and total chlorophylls in leaves of Tagetes erecta were generally increased by the different fertilization treatments. Similar increases in the chlorophyll content of T. erecta leaves have been reported by Yadav et al. (1999) as a result of N fertilization treatments. In the first season, some exceptions to this general trend were detected. For example, the chlorophyll "a" content was decreased (compared to the control) as a result of supplying the plants with ½ N 1 + bio-fertilization, while the chlorophyll "b" content was decreased in plants fertilized using N 1 , N 1 + biofertilization, or CM. Also, the total chlorophylls (a + b) content was decreased in the first season as a result of fertilization using ½ N 1 + bio-fertilization, or CM. In the second season, the favourable effect of the fertilization treatments on chlorophyll synthesis and accumulation was more pronounced. Only one treatment (½N 1 + bio-fertilization) decreased the chlorophyll "b" content in the second season, whereas all other treatments increased the chlorophyll "a", chlorophyll "b" and total chlorophylls contents, compared to the control. The data in Table 4 , also show that in most cases, the effect of N fertilization on the chlorophyll content was greater at the high N rate than at the low rate (with or without bio-fertilization). Moreover, the effect of N fertilization was generally greater when N was applied at the full rates without bio-fertilization, compared to using it at half rates in combination with bio-fertilization. In contrast, the effect of cattle manure was more pronounced (in most cases) when it was used at half rate in combination with bio-fertilization, compared to using it at full rate without biofertilization.
b. Carotenoids content
The data in Table 4 show that in both seasons, most of the fertilization treatments increased the carotenoids content, compared to that of control plants. There were a few exceptions to this general trend. For example, plants fertilized using ½ N 1 + bio-fertilization had lower carotenoids contents than the control (in both easons). Also, supplying the plants with ½ CM + bio-fertilization decreased the carotenoids content in the second season, compared to the control.
The results presented in Table 4 , also show that in both seasons, the highest carotenoids content was found in the leaves of plants fertilized using N 1 + bio-fertilization, followed by plants fertilized using N 2 .
c. Xanthophyll content
The xanthophyll content was considerably affected by the different fertilization treatments (Table 4) . In both seasons, most of the treatments increased the xanthophyll content, compared to that of control plants. Only two treatments (N 1 + bio-fertilization, and cattle manure) gave lower xanthophyll contents in both seasons than the control.
The data in Table 4 , also show that chemical N fertilization gave generally higher values when applied at the low rate than at the high rate, especially when chemical fertilization was combined with bio-fertilization. Also, using cattle manure (CM) at half rate in combination with bio-fertilization gave higher values than those obtained from plants supplied with CM alone at the full rate.
Among the different treatments, the most effective one for increasing the xanthophylls content was supplying the plants with ½ CM + bio-fertilization). Plants receiving this treatment gave the highest values in both seasons, followed by plants supplied with ½ N 1 + bio-fertilization). On the other hand, the lowest values were obtained from plants fertilized with CM, followed by plants fertilized with N 1 + bio-fertilization.
Total carbohydrates contents in leaves, stems, roots and flowers:
Chemical analysis of the different plant parts has shown that in most cases, the different fertilization treatments increased the total carbohydrates contents in the leaves, stems, flowers and roots, compared to those of the control plants (Table 5 ). The generally favourable effect of the fertilization treatments on the synthesis and accumulation of carbohydrates in plant tissues is in agreement with the results reported by Gouda (2002) on Amaranthus tricolor, and Sakr (2005) on Cassia acutifolia. Among the different treatments, the combination of bio-fertilization and cattle manure (i.e., ½ CM + bio-fertilization) was generally the most effective treatment for increasing the carbohydrate contents in the different plant parts. In the first season, plants receiving this treatment had the highest carbohydrate contents in the leaves, stems and roots. Also, in the second season this treatment gave the highest carbohydrate contents in the stems, roots and flowers. On the other hand, fertilization using N 1 + bio-fertilization gave the highest carbohydrates content in the leaves in the second season, as well the highest carbohydrates content in the flowers in the first season. In contrast, using bio-fertilization alone decreased the carbohydrates content of the leaves in both seasons, as well as the carbohydrates content of the stems in the first season, compared to the control. Also, fertilization using N 1 + bio-fertilization decreased the carbohydrates content of the roots in the second season, while N 2 decreased the carbohydrates content of the flowers in the first season, compared to the control. 
Nutrient percentage in leaves, stems, flowers and roots: a. Nitrogen
The data presented in Table 6 show that in both seasons, the N percent of the leaves was decreased by the different fertilization treatments, whereas and N 2 = 3 or 6 g ammonium sulphate, CM = Cattle manure, Bio = Bio-fertilization the N percent of the flowers was generally increased, compared to that of control plants. In both seasons, control plants had the highest N percent in their leaves, compared to plants receiving any of the tested fertilization treatments.
On the other hand, the effect of the fertilization treatments on the N percent of the stems differed from one season to the other, since most of the treatments decreased it in the first season, and increased it in the second season, compared to the control. The only treatment which increased the N percent of the stems in the two seasons was fertilization using N 1 + bio-fertilization. In both seasons, the N percent in the stems of plants receiving this treatment was higher than that of plants receiving any other treatment.
Regarding the N content of the roots, the data in Table 6 show that in the first season, the various fertilization treatments had different effects on the recorded values, with three treatments (viz. N 1 , bio-fertilization alone, and ½ N 1 + bio-fertilization) causing decreases in the N percent, whereas the other four treatments increased it, compared to the control. In the second season, the favourable effect of the fertilization treatments on the N percent of roots was more evident, with only one treatment (viz., N 2 ) causing a reduction in the recorded values, while plants receiving any of the other treatments had higher N percent in their roots, compared to control plants.
The general increases in the N percent of flowers and roots (especially in the second season) is in agreement with the findings of Anuradha et al. (1988) , who reported that the N percent of Tagetes erecta plants was increased significantly with increasing N and P application rates.
b. Phosphorus
It is clear from the data in Table 6 that, in both seasons, the phosphorus percent in the leaves was decreased by the different fertilization treatments, compared to the control. Also, most of the tested treatments decreased the phosphorus content in the stems, with only one treatment (viz. N 1 + biofertilization) giving higher values in both seasons than the control.
On the other hand, most of the treatments increased the P percent in the roots, compared to the control. In the first season, the highest P content in the roots was found in plants fertilized using N 1 + bio-fertilization, whereas in the second season, the highest value was obtained from plants fertilized using biofertilization with no chemical N fertilization or organic manure. The favourable effect of the fertilization treatments on the P percent was most apparent in the flowers, with all treatments giving higher values than the control (in both seasons). Treatments that included organic manures were generally more effective in increasing the P percent of the flowers, compared to chemical N fertilization, especially when N fertilization was applied without biofertilization. In the first season, the highest P percent in flowers was obtained when the plants were fertilized using ½CM + bio-fertilization, whereas the highest value in the second season was recorded in plants fertilized with CM.
The general increase in the P content of roots and flowers as a result of the fertilization treatments is in agreement with the findings of Anuradha et al. (1988) on Tagetes erecta. These results are a clear indication of the important role played by phosphorus in root formation and flowering.
c. Potassium
The data presented in (Table 6) show that most of the tested fertilization treatments increased the K percent in leaves and stems of Tagetes erecta plants, compared to the control. Moreover, the K percent in the roots was increased in both seasons as a result of applying chemical N fertilization without biofertilization (i.e., application of N 1 or N 2 ), whereas all other treatments gave different results in the two seasons. Addition of chemical N fertilization without bio-fertilization also increased the K percent in flowers (in both seasons), compared to the control, with plants fertilized using N 2 giving the highest values in the two seasons. The K percent of flowers was also increased by biofertilization (without any chemical N fertilization or organic manure). The above results confirm the results reported by Anuradha et al. (1988) , who found that the K content of Tagetes erecta plants was significantly increased with increasing N application rates.
In contrast, the K percent of flowers was decreased in both seasons (compared to the control) when bio-fertilization was combined with chemical N fertilization or organic manure, or when the plants were fertilized with cattle manure (without bio-fertilization).
IV. Oil production 1. In flowers
The results recorded in the two seasons (Table 7) show that supplying the plants with chemical N fertilization (without bio-fertilization) decreased the oil percentage in the leaves in both seasons, compared to the control. In contrast, most of the other treatments gave higher values than the control, especially in the first season.
The favourable effect of the fertilization treatments on the oil yield of flower /plant was generally more pronounced than their effect on the oil percentage. In most cases, the different fertilization treatments gave higher oil yields from the leaves than the control plants. Among the different treatments, supplying the plants with ½ N 1 + bio-fertilization gave the highest oil percentage and highest oil yield of flowers /plant in the first season, whereas the highest values recorded in the second season were obtained from plants fertilized with ½ CM + bio-fertilization. Increases of up to 483% and 308% in the oil yield of flowers /plant were recorded as a result of the fertilization treatments in the first and second seasons, respectively. This increase in the oil yield of flowers /plant can be mainly attributed to the increase in the fresh weight of flowers of plants receiving the fertilization treatments. Also, in many cases the increase in oil percentage in flowers contributed to the increase in oil yield of flowers/plant.
In leaves
It can be seen from the data in Table 7 that all the tested fertilization treatments caused considerable increases in the oil percentage and oil yield of leaves, compared to the control. This increase in the oil yield as a result of fertilization treatments is in agreement with the findings of Ram et al. (1999) on Tagetes minuta.
In the first season, the highest oil percentage was recorded in the leaves of plants fertilized with N 2 , or ½ CM + bio-fertilization, whereas the highest oil percentage in the second season was obtained in leaves of plants fertilized with ½ N 1 + bio-fertilization.
In general, the effect of the fertilization treatments was more pronounced on the oil yield of leaves than on the oil percentage. It is also clear from the data in Table 7 that in both seasons, treatments including the use of cattle manure, with or without bio-fertilization, were generally more effective than the other treatments for increasing the oil yield of leaves /plant. In both seasons, the highest oil yield of leaves /plant was obtained from plants supplied with cattle manure (which gave increases of 771% and 1045% in the first and second seasons, respectively, compared to the control), followed by plants fertilized using ½ CM + bio-fertilization. A similar trend was observed for the effect of fertilization treatments on the fresh weight of leaves (as previously discussed). This indicates that the main factor influencing the oil yield was the increase in fresh weight of leaves as a result of the fertilization treatments.
V. Oil composition
It is clear from the data in Table 8 and Figures (1-5) that ocimene, linalool, limonene, and caryophyllene were the main components of the oil extracted from Tagetes erecta flowers and leaves. Lower percentages of eugenol, β-ionone, α-pinene and β-pinene were also detected in Tagetes erecta oil. It can also be seen from the data in Table 8 that the composition of oil extracted from the flowers was different than that of oil extracted from the leaves. For example, α-pinene and β-pinene were identified as oil components in the flowers, but were almost completely absent in oil extracted from the leaves. Also, the percentage of ocimene was generally higher in the oil from flowers than in the oil from leaves (as reported by Rao et al. (1999) , on Tagetes minuta). On the other hand, the percentage of eugenol was generally higher in oil from leaves than in oil from flowers.
Regarding the effect of the tested fertilization treatments on the composition of oil samples extracted from Tagetes erecta leaves and flowers, the most important results can be summarized as follows:
a-Effect of treatments on oil composition in flowers
The data presented in Table 8 and Figure 1 show that in most cases, oil extracted from flowers of control plants had higher contents of α-pinene, β-pinene, linalool and ocimene, compared to oil from flowers of plants receiving the different fertilization treatments. A few exceptions to this general trend were detected. For example, oil from flowers of plants supplied with N 2 or ½ CM + bio-fertilization had higher percentages of β-pinene than oil from flowers of control plants. Also, fertilization with N 1 + bio-fertilization gave a higher ocimene percentage than that found in oil from control plants.
On the other hand, the tested fertilization treatments had a generally favourable effect on the percentages of caryophyllene and eugenol, as most of the treatments (especially those containing no cattle manure) gave higher percentages of these oil components than those obtained in oil from control plants. Among the different treatments, supplying the plants with N 1 gave the highest percentages of eugenol and β-ionone (Figure 2) , while using biofertilization alone gave the highest limonene and caryophyllene percentages, and fertiliztion with N 1 + bio-fertilization gave the highest ocimene percentage (Figure 3) .
b-Effect of treatments on oil composition in leaves
Analysis of oil samples extracted from leaves of Tagetes erecta plants ( Table 8 ) has revealed that fertilizing the plants using N 1 , N 2 or bio-fertilization increased the ocimene and eugenol percentages, but decreased the limonene and linalool percentages, compared to those found in the oil distilled from leaves of control plants (Figure 4 ). In contrast, supplying the plants with cattle manure ( Figure 5 ) generally increased the limonene and linalool percentages, but decreased the ocimene and eugenol percentages. Replacing half of the cattle manure rate with bio-fertilization (i.e., using ½ CM+ bio-fertilization) increased the β-pinene and limonene percentages, but decreased percentages of all other main components, compared to the control. The data presented in Table 8 , also show that, in most cases, oil from leaves of control (Figure 4 ) plants had higher caryophyllene and β-ionone percentages, compared to those obtained from plants receiving the different fertilization treatments. Also, combinations of N and bio-fertilization (i.e., ½ N 1 + bio-fertilization, or N 1 + bio-fertilization) decreased the ocimene percentage, compared to the control. On the other hand, the limonene, eugenol and β-ionone percentages were increased by fertilization using ½ N 1 + bio-fertilization, while the β-pinene and linalool percentages were increased by fertilization using N 1 + bio-fertilization.
Among the different treatments, fertilization with N 1 appeared to have the best effect on the composition of oil in leaves of Tagetes erecta. Although this treatment gave lower limonene, linalool and β-ionone percentages than those of the control, yet it gave the highest percentages of ocimene, caryophyllene and eugenol. On the other hand, fertilization with ½ N1 + bio-fertilization gave the highest β-ionone percentage, while using N 1 + bio-fertilization gave the highest β-pinene and linalool percentages, and using ½ CM + bio-fertilization gave the highest limonene percentage.
Conclusively, From the above results, it is clear that the different fertilization treatments had a generally favourable effect on the growth, flowering, chemical composition and oil production in Tagetes erecta plants. Among the different treatments, using cattle manure (CM) gave the highest values for most of the vegetative growth characteristics (plant height, number of branches, as well as fresh and dry weights of leaves, stems and roots). Also, this treatment gave a high flower production (in terms number of flowers /plant, fresh and dry weight of flowers), and a high oil yield (especially from the leaves). In most cases, combining CM with bio-fertilization caused a slight reduction in plant growth and productivity (compared to using CM alone), but was still better than using chemical N fertilization (with or without biofertilization). 
‫و‬ ‫الكيماوى‬ ‫التسميد‬ ‫لمعامالث‬
